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ABSTRACT
Due to the great increase in popularity of women’s ice hockey, it is important for
coaches to have good testing and training methods in order to know their players’ on-ice
fitness level. This study examined the correlation between the on-ice Reed Repeat
Skating test (RSS) and the off-ice cycle ergometer VCtemax test on female collegiate ice
hockey players. Twenty-one participants were tested on both tests but only fourteen
participants’ data could be analyzed.
The results indicated that the off-ice V02max test was not significantly correlated
to RSS drop-off index (r = -0.253) and total time (r = -0.480). Player’s age, body mass,
and playing position were not good indicators to predict player’s RSS drop-off index
(over-20yr= 18.35 ±6.86, under-20yr = 19.02 ± 2.71; over-70kg = 18.13 ±5.07, under70kg = 19.01 ±5.81; F = 19.93 ± 5.76, D = 16.31 ± 3.88) and total time (over-20yr =
95.30 ± 5.00, under-20yr = 99.94 ± 2.42; over-70kg = 98.11 ± 5.28, under-70kg = 96.67
± 4 33; F = 97.57 ± 3.48, D = 96.78 ± 6.70). R-VChmaxwas only significantly correlated
to player’s body mass (over-70 = 33.28 ± 6.1 lml/kg/min, under-70 = 38.80 ±
2.49ml/kg/min) but was not significantly correlated to playing position (F = 37.07 ± 5.32
ml/kg/min, D = 35.30 ± 4.95 ml/kg/min) and age (over-20 = 38.45 ± 5.13ml/kg/min,
under-20 = 33.75 ± 3.85ml/kg/min). The results suggested that the cycle ergometer
V0?.max

test might not be an ideal predictor of the women collegiate ice hockey players’

on-ice fitness.

IX

CHAPTER I
INTRODUCTION/LITERATURE REVIEW
Ice hockey, which originated in Canada, is a very popular team sport in Canada,
the United States, Russia and other European countries such as Sweden, Norway,
Finland, and the Czech Republic (Montgomery, 1988). Cox, Miles, Verde, and Rhodes
(1995) and Kahn (1999) asserted that ice hockey is the fastest professional team sport
played on two feet. Ice Hockey is considered to be the toughest and the roughest sport
because it consists of high speeds of skating and collision, high velocity of passing and
shooting, and a high frequency of physical contact and a high percentage of injury.
These factors make ice hockey an exciting sport to watch and an interesting one to study.
Since the early 1970s, many physiologists have begun to investigate the male ice
hockey players’ physical characteristics, fatigue factors, and physical fitness assessments.
Spiering, Wilson, Judelson and Rundell (2003) stated “Ice Hockey is a sport that requires
repeated, high intensity bouts of skating, interspersed with on-ice gliding and rest
between shifts” (p 329). It has been calculated that the average National Hockey League
(NHL) player had 45 to 60 seconds of playing time per each shift with an average of 3 to
5 minutes of recovery time between the shifts (Cox, et al., 1995; Montgomery, 1988).
The average on ice playing time of each NHL player was less than 16 minutes for each
entire game (Cox, et al., 1995; Montgomery, 1988). Due to the nature of ice hockey,
which requires power, strength, and speed, the physiological demands are primarily
1

dependent on the adenosine triphosphate (ATP), phosphocreatine (PCr) and glycolytic
energy systems (i.e., the anaerobic energy system). Wilmore and Costill (1999) stated
“The ATP-PCr and glycolytic energy systems are major contributors of energy during the
early minutes of high intensity exercise.” (p. 123).
The multiple bouts of anaerobic activity would easily deplete a hockey player’s
essential fuels such as ATP, PCr and glycogen (Green, 1987). As a result, the energy
supplies of the anaerobic energy system must be restored quickly in order to have optimal
performance available for the next shift. Consequently, this energy restoration requires an
effective aerobic energy system. Thus, the aerobic energy system is responsible for each
player’s ability to restore their ATP and PCr during the resting time available between
shifts. A player with a higher aerobic capacity should have a greater recovery rate than a
player with lower aerobic capacity if both players have exactly the same rest time
between shifts. In addition, the better aerobic capacity players tend to use less energy
from their anaerobic energy system than the lower aerobic capacity players. Therefore,
good aerobic fitness can replenish athletes’ ATP and PCr stores as well as preserve their
muscle glycogen stores (Arnett, 1996).
Spiering et al. (2003) indicated that a good cardiovascular system facilitates
lactate clearance, and reduces lactic acid and hydrogen ion build up during the resting
recovery period. Hence, a good aerobic system ensures hockey players’ ability to
maintain their optimal performance over the course of an entire game. Since aerobic
endurance is a key factor to endorse the long-term performance in hockey, the
measurement of maximum oxygen uptake (VCtemax) has become a popular and regular
testing measurement for ice hockey players to determine their aerobic capacities.
2

“ V 0 2 max

is the maximum capacity for oxygen consumption by the body during

maximal exertion” (Wilmore and Costill, 1999, p.697). Because oxygen is needed to
convert food into energy, the greater amount of oxygen an individual can consume the
more energy the person can produce (Cox et al., 1995). In fact, since 1993, the testing
procedure has become one of the major physiological measurements for all potential
NHL players prior to their entry in the NHL draft (Cox, et ah, 1995).
Green (1987) s'ated “Fatigue, defined as an inability to maintain a desired
physical capability, is i persistent threat in ice hockey that has the potential to disrupt all
dimensions of performance” (p. 305). Accordingly, fatigue can impair a hockey player’s
performance by affecting concentration, perception, conception, skating agility,
acceleration, deceleration, overall skating velocity, passing and shooting ability as well as
leading to an increase in the incidence of injury (Cox et ah, 1^95; Green, 1987).
Evidence has shown that ice hockey players have the highest rate of premature fatigue
when compared with players from the National Football League (NFL), Major League
Baseball (MLB), and National Basketball Association (NBA) (Cox et ah, 1995; Green,
1987). Many NHL coaches and trainers used to believe that the NHL players were over
trained when the players complained about their “heavy legs” in the late season. More
likely the complaints of their “heavy legs” were related to detraining (Cox, et ah, 1995).
According to the training principle of disuse (use it or lose it), it suggests that those NHL
players did not have enough regular aerobic endurance training to appropriately stimulate
their cardiovascular system in order to maintain their aerobic capacities and muscular
endurance during the late competitive season.

3

Cox et al. (1995) investigated four NHL players to determine if the regular on ice
practices and the regular NHL games provide enough physiological stimulation to
maintain players’ physiological fitness through the entire NHL season. The four players’
lactic threshold heart rates (THR) were determined prior to the tests. Lactate Threshold
(LT) is defined as “the point during exercise of increasing intensity at which lactate
begins to accumulate above resting levels” (Wilmore and Costill, 1999, p.697). Lactate
threshold one (LT-1) is defined when blood lactate concentration is accumulated above 1
mmol/1, Lactate threshold two (LT-2) is defined when blood lactate concentration is
above 4 mmol/1. THR is defined as HR at LT-2 (Cox et al., 1995). The player’s heart
rates (HR) and total on ice playing times were telemetered during a regular on ice light
practice, hard practice and 14 regular NHL games. The study found that during the
regular NHL game, the total accumulated time of any player’s HR above THR range was
less than 6 minutes (the range from 8.5 to 19.1% of total on ice time) and the players’
mean HR ranged from 126 to 132 beats/min. During the hard practice, the players
exhibited THR or greater 4.05 to 21.45 minutes (this ranged from 9 to 33% of total
practice time). During the light practice, no players reached their THR. Cox et al. (1995)
concluded that the intensities of NHL games and regular practices were definitely
insufficient to maintain NHL players’ cardiovascular fitness level.
In addition, Cox et al. (1995) observed 16 NHL players’ cardiovascular fitness
level during the pre-season, early in the season, mid-season, and late in the season. The
players’ THR were determined at pre-season. Each player performed a cycle ergometer
test 3 times through the season at THR. The results found the players’ blood lactate
levels were steadily increasing through the season when compared to their preseason
4

THR. During the late NHL season, the players’ blood lactate levels were significantly
higher than the ones in pre-, early-, and mid-season. Consequently, Cox et al. (1995)
confirmed that those players lacked sufficient aerobic endurance training during the NHL
season. Therefore, supplementary training is needed to improve or maintain hockey
players’ aerobic capacities during the hockey season.
Cox et ai. (1995) stated that the training concepts and training methods of male
ice hockey players have been changed due to understanding the importance of the aerobic
endurance component in ice hockey game performance. Consequently, NHL players
have been steadily improving their aerobic capacities since 1980. Since 1983 many
hockey coaches and trainers have adopted the new scientific training methods and testing
to improve their players’ aerobic capacities and endurance levels (Cox et al., 1995). The
mean relative

V C h m a x o f the

1991 NHL players was higher than the mean relative

V02max of 1980 NHL players (62.4 ± 0.5 ml/kg/min compare to 54.1 ± 1.1 ml/kg/min)
(Cox et al., 1995). Absolute

VCfimax

is expressed in liters of oxygen per minute (L/min)

and it does not account for body size. The larger individuals tend to have higher value
than smaller individuals. Relative

VCfimax

is expressed in milliliters of oxygen per

kilogram of body weight per minute and it does account for body size. Jt allows
scientists to compare different body-sized individuals (Wilmore and Costill, 1999).
Wilmore and Costill (1999) defined the training principle of specificity by stating
“The training program must stress the physiological systems that are critical for optimal
performance in the given sport in order to achieve specific training adaptations” (p. 18).
Accordingly, the training programs and the testing protocols should have similar
muscular activities or movement patterns as the real game situation. Consequently, the
5

best way to measure hockey players’ V02max is during the game situation. However, it is
not realistic to measure the players’ VCtemax during the game situation without
diminishing players’ performance. Therefore, many VCtemax assessment tests have been
created for ice hockey players for both field and laboratory settings. With the field
setting of V02m ax, assessments are more task specific than the laboratory setting.
Carroll, Bacharach, Kelly, Rudrud, and Kams (1993) compared the Division I
male collegiate ice hockey players’ metabolic costs on ice-skating and in-line skating at
three different skating velocities (12.5, 16.5, and 20.0km/h). The on-ice skating was
performed at an indoor ice rink measuring 30 x 60 meters. The in-line skating was
performed on a smooth, flat concrete surface measuring 25.5 * 60 meters. Even though
the two surfaces had slightly different dimensions, the lengths of both laps were the same
(110m). The study found that the in-line skating had significantly higher HR and oxygen
consumption than on-ice skating did at all three skating velocities. Carroll et al. (1993)
believed that the heavier weight of in-line skates and greater coefficient of friction
contributed to the higher HR and oxygen consumption by the players at all three skating
velocities tested. They suggested that the greater cardiorespiratory cost of in-line skating
could be a great supplementary training tool to stimulate hockey players’ aerobic
endurance systems in order to maintain their aerobic capacities during the hockey season.
Although the field VChmax measurements are more task specific than the VC)2 max
measurements in a laboratory setting, the reliability is questionable (Cox et al., 1995).
The skating treadmill, running treadmill, and cycle ergometer have all been used for
V02m ax

testing in the laboratory for male ice hockey teams. The skating treadmill is

probably the most task specific laboratory device related to on-ice skating because it
6

allows the players to wear the same skates they use for ice hockey. Dreger and Quinney
(1999) compared six elite male hockey players’ VCtemaxon both the skating treadmill (ST)
and cycle ergometer (BK). The ST protocol used was a discontinuous ramp test because
the participants could not maintain the correct position on the skating treadmill for more
than two minutes. In fact, this discontinuous skating protocol was more like the real
hockey game situation (player shift time in the game situation). On the other hand, the
BK protocol used was a continuous cycle ergometer test because it is the standard testing
protocol used by many hockey teams (Dreger & Quinney, 1999). The results indicated
that the relative VCtemax values achieved during the ST and BK were not significantly
different (ST = 60.4 ± 5.1 ml/kg/min vs. BK= 59.0 ± 9.31 ml/kg/min). However, the ST
protocol had significantly higher maximum HR compared with the BK protocol (ST =
202.3 ± 4.27 bpm vs. BK = 200.7 ± 4.55 bpm). Dreger and Quinney suggested that the
higher maximum HR of ST might be due to the greater upper body movement of skating
on the skating treadmill. They concluded that even though there was no difference
between the two V02max testing protocols, the task specificity of the skating treadmill is
higher than the cycle ergometer (Dreger & Quinney, 1999). Consequently, they felt that
the skating treadmill would be a better testing protocol and provide a better supplemental
training program than the cycle ergometer.
Nobes, Montgomery, Pearsall, Turcotte, Lefebvre and Whittom (2003) compared
the skating economy and VChmax of fifteen collegiate ice hockey players who performed
on the skating treadmill and on the ice. The study found on ice skating was more
economical than skating on the skating treadmill because the hockey players had
significantly (p < 0.01) lower VO2 , HR and stride rates on ice than on the skating
7

treadmill at the 3 different sub-maximal velocities (18, 20 and 22 km/h) tested. Nobes et
al. (2003) suggested that on ice-skating was more efficient than treadmill skating because
on-ice skating had a lower coefficient of friction (p = 0.003 to 0.030) than the skating
treadmill.
Even though the skating treadmill is the most specific laboratory testing device to
measure ice hockey players V02m ax, the skating treadmill is still not a common V02max
testing device for ice hockey players to use because:
1. The skating treadmill is too expensive and occupies too much space (1.83 m long
x 2.13 m wide of skating area) with very few other functions.
2. The V02max values of the skating treadmill test and cycle ergometer test are not
significantly different (Dreger & Quinney, 1999). In addition, the muscle
glycogen depletion patterns using the on ice-skating, the skating treadmill, and the
cycle ergometer are similar (Montgomery, 1988).
3. The stride patterns are also different between the two tests. The task of on iceskating requires forward strides, forward crossover strides, stops, starts, turning,
gliding and skating backwards while skating on the skating treadmill requires
only forward strides (Nobes et al., 2003).
The most popular laboratory devices for measuring V O 2 are the cycle ergometer
and running treadmill. In Montgomery’s review article (1988), male ice hockey players
were reported to have 10% higher VChmax values when tested on the running treadmill as
compared to the cycle ergometer and ice-skating. For instance, collegiate ice hockey
players’ mean relative V02m ax on the running treadmill ranged from 54 to 62 ml/kg/min.
The same players’ mean relative V02m ax on the cycle ergometer ranged from 52 to 58
8

ml/kg/min. Cox et al (1995) stated that the cycle ergometer was a better testing protocol
to measure ice hockey players’ VCtemax than the running treadmill because cycling is
probably more biomechanically related to on-ice skating than running is. In addition,
some researchers found the muscle glycogen depletion pattern and muscles used by the
cycle ergometer were similar to on-ice skating (Montgomery, 1988). Consequently, the
cycle ergometer is a better device than the running treadmill to predict hockey players’
actual V02max on ice. Even though, cycle ergometer and on-ice skating have a high
correlation on the muscle contraction patterns and muscle glycogen depletion pattern, the
improvement of one exercise might not. be detected on the other exercise.
Daub, Green, Houston, Thomson, Fraser and Ranney (1983) studied specificity of
physiologic adoptions from ice hockey training. Ten male university ice hockey players
were randomly assigned to either an ice-hockey training group (IH) or the combination of
ice-hockey training with supplemental cycling exercise training (IH-C). The V02max of all
players were determined at a laboratory setting pretest, two weeks before practice started,
using a cycle ergometer and by an on ice test. In addition, a submaximal test consisted of
ice-skating for 30 minutes at 75% to 80% of their on-ice VCtemax velocities and 30
minutes on the cycle ergometer at 75% to 80 % of their cycle ergometer VCtemax poweroutput. The IH and IH-C groups then had exactly the same ice hockey training program,
which consisted of four practices and two competitions per week. All players were using
both their aerobic and anaerobic systems during the competitions and the 90-minute
practices. In addition, the players who were in the IH-C group did the cycling at
approximately 70% of their V G 2 max three times per week for 14 weeks. The duration of
cycling was 30 minutes for the first four weeks, increased to 40 minutes for the next six
9

weeks and then increased further to 45 minutes for the final four weeks. At the end of the
14

weeks all players were retested (post-test) on both VCtemax tests and both submaximal

tests as performed in the pre-test. It was found that there was no significant increase in
either V02max test results between the pre- and post-test for both IH and IH-C groups.
The comparison of HR and VO2 during the sub-maximal on ice-skating pre- and post-test
demonstrated that there was no significant change for either the IH or IH-C groups.
Likewise, the IH group had no significant differences in HR and VO2 between pre- and
post-test results for the submaximal cycle ergometer test. However, the IH-C group did
have a significant decrease in both HR and VO2 between pre- and post-test results for the
submaximal cycle ergometer test. Daub et al. (1983) suggested that the physiological
adaptation response might be specific to the type of training. The sub-maximal cycle
ergometer training only enhanced the hockey players’ performance on the submaximal
cycle ergometer test. It should be noted that all VO2 values were reported in absolute
values (L/min) rather than relative values (mls/min/kg).
Women’s ice hockey has competed at the international level since 1990, even
though they have participated in ice hockey for much longer (Bracko, 2001; Bracko &
George, 2001). The first Olympic Winter Games to include women’s ice hockey as a
medal sport was 1998 in Nagano, Japan (Bracko, 2001; Bracko & George, 2001). Gillis
(2004) reported that Canadian girls participation in ice hockey has increased fivefold
since last decade. Therefore, the demands of female ice hockey coaches and referees are
also increased heavily. However, the study of women’s ice hockey is a relatively new
endeavor. There are only a few studies published about women’s ice hockey as
compared to many published regarding men’s ice hockey. The physiological
10

characteristics of women’s ice hockey players have not yet been determined. In general,
female athletes tend to have smaller body size, shorter stature, and lighter weight than
male athletes. However, the major factors that affect the performance of the female
athlete are their body compositions, oxygen transport systems and hormones.
In relation to the body composition of women, they typically have a higher
percentage of body fat and less muscle mass than men (Wilmore & Costil, 1999; Brooks,
Fahey, White & Baldwin, 2000). Therefore, female athletes are usually at a disadvantage
when trying to produce the same amount of strength and power as male athletes. For that
reason, female athletes must use their smaller muscle mass to lift the extra body fat when
compared to male athletes. In addition, the higher percentage of body fat reduces the
female athlete's ability to release body heat during exercise (Wilmore & Costil, 1999;
Brooks, et al., 2000).
In discussion of the oxygen transport system of women, the VChmax depends on
cardiac output (Q) and arterial-venous oxygen difference (a-v O2 diff) (Wilmore &
Costil, 1999; Brooks, et al, 2000). The Q is defined as “the volume of blood pumped out
by the heart per minute” (Wilmore & Costil, 1999, p. 694). The a-v O 2 diff is defined as
“the difference in oxygen content between arterial and mixed venous blood, which
reflects the amount of oxygen removed by the tissues” (Wilmore & Costil, 1999, p. 693).
Women have a smaller heart size and left ventricular volume, a smaller total blood
volume, and a lower concentration of hemoglobin when compared to men of the same
body weight (Wilmore & Costil, 1999; Brooks, et al., 2000). Because the Q and the a-v
O2

diff of women are all less than men, female athletes will have lower VChmax than male

athletes.
11

Between puberty and menopause, menstruation may cause female athletes
discomforts such as bloating, abdominal pain, nausea, and headache (Xane & de Janse,
2003). The menstrual cycle is normally 28 days, which consists of follicular phase (14
days) and luteal phase (14 days). The follicular phase starts from the first day of
menstruation to the first day of ovulation. In contrast, the luteal phase starts from the first
day of ovulation and ends at the first day of menstruation. Estrogen and progesterone are
the female steroid hormones, which largely fluctuate throughout the normal menstrual
cycle. Xane and de Janse (2003) stated the fluctuations of estrogen and progesterone
cause physiological effects on the thermoregulatory system, respiratory system, and renal
system of the female. Consequently, those physiological changes might affect the sports
performance of women.
Because the follicular phase and luteal phase are divided by the ovulation day, the
hormone concentrations are not consistent at each phase (Xane & de Janse, 2003).
During the early-follicular phase (2 to 7 days), both estrogen and progesterone
concentrations are low. During the late-follicular phase (9 to 13 days), the progesterone
concentration remains low but estrogen concentration level gradually increases to reach
the peak and suddenly drops prior to ovulation. During the mid-luteal phase (18 to 24
days), the progesterone concentration level increases rapidly to a very high level and
drops before menstruation. Meanwhile, the estrogen concentration level also follows the
same pattern as the progesterone level during the luteal phase but it is not so obvious or
pronounced. Due to those three distinct hormones changes, many researchers have tried
to find the effects of these hormone levels on the performance of female athletes.

12

Xane and de Janse (2003) studied the effects of the menstrual cycle on exerc -se
performance measures such as strength, endurance, and VO2 max. They focused on die
three phases of menstrual cycles that are early-follicular phase (low estrogen and
progesterone concentration), late-follicular phase (high estrogen and low prog, sterone
concentration), and mid-luteal phase (high estrogen and progesterone concentration).
They found the fluctuations of female steroid hormones did not affect the female athlete’s
muscle strength and fatigability. Xane and de Janse (2003) also concluded that the
different menstrual cycle phases don't cause major changes in female thletes’ body
weight, plasma volume, hemoglobin concentration, lactic acid level, ventilation volume
or HR. As a result, the menstrual cycle does not affect the VCtemax or performance. It
means most female athletes do not need to adjust their menstrual cycle for competition
and physiological assessments such as the power test, strength test, muscular endurance
test and V02max test. However, many female athletes do use oral contraceptives to
adjust their menstrual cycles during major competitions because the oral contraceptive
use can prevent the discomfort of premenstrual syndrome (PMS) occurrence and decrease
the incidence of injuries related to PMS such as irritability, breast swelling, and
abdominal congestion (Brooks et al., 2000).
Because the knowledge related to physiological performance characteristics of
female hockey players was limited, Bracko and Geroge (2001) investigated the off-ice
fitness variables that might predict the skating performance of women ice hockey players.
The variables investigated were age, height, weight, body mass, vertical jump, 1 min
push-up, sit-and-reach flexibility, 1-min sit-up, 40-yd dash time and years of playing
experience. Sixty-one women ice hockey players from Calgary youth hockey during the
13

off-season volunteered to participate in the study. On-ice testing was done in the
following order: agility cornering S turn, 20 ft acceleration test, 147 ft speed test, and a
modified repeat skate test (MRS). Two trials were performed 7 minutes apart for each
test (except MRS). These on-ice tests had been found to be reliable evaluations of
skating performance. Bracko and Geroge (2001) found the strongest off-ice fitness
variable examined to predict skating speed was the 40-yd dash time with a reliability
coefficient of r = 0.72.
Spiering et al., (2003) used 25 United States National Women’s Hockey team
players to study cardiovascular demand during game play and practice. The study
investigated whether the cardiovascular demands of practice in women’s ice hockey
provide an appropriate physiological stimulus. Due to technical difficulties, only 11 of
the 25 members were included in the final analysis (8 forwards and 3 defenders). For the
11 participants the mean and standard deviation (SD) for age, height, and weight
respectively were 25.0 years ± 4.3 years, 171.1 cm ± 3.6 cm, and 71.5 kg ± 7.4 kg. The
V02m ax

of the players was determined during preseason on the cycle ergometer. During

the game situation and a E pical practice session, HRs were recorded every 5 seconds and
then analyzed to determine each player’s resting heart rate (RHR), working heart rate
(WHR), and total session mean heart rate (SHR). Spiering at el. found that the players
had a significantly higher (p< 0.05) mean WHR during the game play than during
practice (90 ± 2% heart rate maximum (HRmax) for game vs. 76 ± 3% HRmax for
practice). Their finding suggested that the work intensity of practice was insufficient for
optimal ice hockey cardiovascular fitness development. Therefore, Spiering at el.
suggested that the women hockey players supplement in-season training by performing
14

interval cycling 1-2 times per week (6 intervals of 5 minutes at 90 to 93% HRmax with 3
minutes of light spinning between work intervals) to maintain or improve cardiovascular
fitness. Spiering et al. (2003) reported results of unpublished data that this type of high
intensity cycling was responsible for significant improvement (p< 0.05) in VCtemax
following an undefined period of supplemental interval training. However, it is noted
that supplemental training should not be allowed to over stress muscles without
appropriate and sufficient recovery.
Bracko (2001) also investigated and compared on-ice skating performance and
measures of on-ice fitness between elite and non-elite women ice hockey players. The
eight elite women ice hockey players were selected from the Canadian National Hockey
Team (n =7) and the Finnish National Hockey Team (n = 1). The non-elite women
players were not playing on any national hockey team. The on ice fitness tests consisted
of the cornering S turn agility test (AGL), 20 feet acceleration test (ACC), 157 feet speed
test (SPD), 49.86 feet full-speed test (FSPD), and Reed repeat sprint skate (RSS). The
results showed the elite players were older than the non-elite players (25 ± 5.34 years vs.
19 ± 2.65 years). In addition, the elite players had significantly better perfonnance on
FSPD, better anaerobic capacity, lower drop-off percentage, less drop-off time and lower
time for the sum of six repeat skates (RSS). Bracko (2001) found that elite players and
non-elite players had similar acceleration, speed, and agility; however, the major
physiological factor to distinguish elite from non-elite female hockey players was on-ice
aerobic fitness.
Women’s ice hockey teams mostly share the ice arena with men’s ice hockey
teams so the ice practice time is limited (Bracko and George, 2001). Accordingly,
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coaches use those limited time to develop team strategies instead of improving and
testing players’ fitness levels. Therefore, the physical fitness practice and testing are
usually off-ice. The off-ice fitness test can help coaches to understand their players’
fitness level and to evaluate the players’ on-ice performance. It has been mentioned
before that the cycle ergometer test is the standard VChmax measurement for men ice
hockey teams. Consequently, in this study, cycle ergometer was used to measure
women’s ice hockey players’ V02max.
Purpose
1. The first purpose of this study is to investigate whether the V02max test on the
cycle ergometer is an appropriate test to determine on-ice aerobic endurance
fitness of women’s ice hockey players.
2.

The second purpose of the study is to compare of VChmax and on-ice fitness levels
of women’s hockey players by position played, age, and body weight.
Limitations

1. All participants will be asked to follow the lifestyle guidelines before
measurements. Nevertheless, they might not abide by them so that may net
reflect what we observe in reality.
2. Even though menstrual cycle phases may cause discomforts of female ice hockey
players, no determination of menstrual cycle phases was performed during the
study and the associated performance testing. Xanne and de Janse stated that the
regular bleeding of women don’t mean they have consistent regular cycle with
regular hormone concentration. Furthermore, some popular methods of
measuring the menstrual cycle phases were not very consistent such as basal body
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temperature (BBT), and hormone concentration in serum and saliva (Xanne & de
Janse, 2003).
The value of VCtemax is illustrated by liter per minutes but the breath-by-breath
system will analyze the VCtemax at 20-second interval and transfer the 20-second
value to be a minute value of VChmax; therefore, the actual VOzmax value would
probably be lower than the value we will measure.
4.

V02max

is expressed per kilogram of body weight so when participants have

higher fluid intake they will have heavier body weight, which might decrease
VChmax (Xanne

& de Janse, 2003).
Delimitation

This study is mainly to focus on female collegiate hockey players playing
Division I ice hockey. Results attained may not apply to females at other ice hockey
levels (high school ice hockey teams, senior ice hockey teams, or recreational ice hockey
teams) or othei female sports.
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CHAPTER II
METHOD
Since women’s ice hockey has become an international sports event, the
involvement of women in ice hockey has increased m any folds (Bracko, 2001; Bracko &
George, 2001; Gillis, 2004). Although women’s ice hockey is very popular sports, not
much is know about the performance and physiology of collegiate female ice hockey
players. Bracko (2001) found the only differences between the elite and the non-elite
female ice hockey players were their on-ice fitness. Because of limited on-ice practice
time, it is important to discover an off-ice measurement, which can precisely predict
women’s collegiate ice hockey players’ off-ice fitness.
Participants
Twenty-one women of the University of North Dakota women’s ice hockey team
volunteered as participants in this study. Eighteen participants completed both V02max
test and on-ice performance tests. Because one participant was hyperventilating during
the V 0 2 maxtest, and because three goaltenders were wearing more padding than other
players during on-ice performance tests, only fourteen participants’ variables were
analyzed in this study. The participants were considered to be well-trained athletes. All
participants had at least 2 years of ice hockey playing experience and previous
experiences performing the tests associated with this study. The physical characteristics
of participants are listed in the Table 1.
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Table 1. Physical Characteristics o f Participants (N = 14).

Variables

Mean

Standard Deviation

Age (Years old)

19.71

Height (cm)

Maximum

Minimum

1.43

22.00

18.00

164.20

7.14

177.80

152.40

Body Mass (kg)

68.71

9.76

85.00

177.80

BMI

25.42

2.59

29.90

19.94

Measures
The following anthropometric measures were taken for each participant before the
V02max test: height, weight, and Body Mass Index (BMI). In addition the physiological
measurements were to include: HRs, VCtemax, and RER. The RER is defined as “the ratio
of carbon dioxide expired to oxygen consumed at the level of lungs” (Wilmore & Costil,
1999). Body weights were measured to the nearest pound using the Decton scale (Webb
City, MO). Heights were measured to the nearest centimeter on a wall-mounted tape
measure. All participants were asked to remove their shoes, watches, and necklaces
before the height and weight measurements. For laboratory testing, participants were
dressed in shorts, T-shirts and shoes and for the on ice testing all participants were attired
in their normal practice and competition hockey gear. BMI was detennined by using the
height and weight measures in the following equation: BMI = weight/ height2, where
height is expressed in meters and weight in kilograms.
Polar heart rate monitors (Polar Vantage XL, Polar Electro Oy, Kempele, Finland)
were used to collect all HR measurements. The VChmax laboratory test utilized the
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Monark Pendulum Ergometer (Monark 828E Pendulum Ergometer, Vansbro, Sweden).
The cycle ergometer is the most widely used test bike for fitness tests and is easy to
calibrate. Each participant was fitted with headgear and a sterilized mouthpiece
(Rudolph two-way valve), which doesn’t produce any air resistance when breathing and
therefore inhibit the participant’s abilities to breathe. The participant’s metabolic gases
were collected and analyzed by using the breath-by-breath gas exchange system
metabolic cart (SenorMedics Vmax 29, Yorba Linda, CA). The RER and VO2 were
calculated at 20-second intervals. The oxygen and carbon dioxide gas analyzers were
calibrated per manufacturer instruction prior to each test. The room temperature of the
laboratory environment was controlled so that the temperature ranged from 21 to 23
degrees Celsius (°C) or 70 to 74 degrees Fahrenheit (°F). All individuals VChmax values
were recorded as relative VO2 values (mls/kg/min) with oxygen values corrected to
standard temperature, standard pressure, and dry gas conditions (STPD). For the on-ice
test, the temperature in the ice hockey arena was controlled with in the ranges of 0 to 3° C
(32 to 37° F).
Procedures
The University of North Dakota Institutional Review Board (IRB) approved all
testing procedures for the study. Informed consent was obtained before any participant
began any testing (see Appendix A). The informed consent contains the procedure, the
purpose, the potential risks, and benefits of their involvements. The procedures were
explained in detail. Therefore, the participants understood that participation in these tests
was voluntary so they could stop the tests or withdraw from the tests at any time. Once
cleared to participate, each participant had her height and weight measurements taken.
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Each participant performed the Cycle Ergometer test first followed by the on-ice test.
Cycle ergometer and on-ice tests were three weeks apart.

All participants asked to

follow the following instructions:
1. Participants should not have any herbal medicines, supplemental drugs, or donate
blood two weeks prior to the testing.
2. Participants should have an adequate amount of sleep the night prior to the test.
3. Participants should not have had vigorous physical activities or alcohol
consumption the day before any testing.
4. As much as possible, participants should have similar physica' activities and
meals on the day prior to testing.
5. They should not have caffeine or have eaten a heavy meal two hours prior to the
test.
6. If scheduled for a morning test, participants should not be in a fasting state from
the previous evening.
On-ice test protocol
The participants were asked to wear their regular competition uniform, skates,
gloves and carry a hockey stick. To begin, participants sat quietly on the bench to get
their baseline values of HR. Then they completed a five-minute warm-up period by
skating at a comfortable speed around the rink. The protocol of the on-ice skating test
was Reed Repeat Skate Test (RSS), which is the most popular on-ice hockey test to
measure the hockey players’ on-ice speed and endurance fitness. The test has been used
to evaluate the UND women’s ice hockey team since it began. It consisted of six trials of
300 foot (91.44 meter) sprint skating. Participants were encouraged to skate as fast as
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they could during each repeat skating trial. The length of the entire test of 6 trials is three
minutes so each trial is 30-seconds, which includes work and rest. Each participant
started from one goal line to the opposite goal line and back to the blue line closest to the
start point. After crossing the finish line, each participant skated back to the start line and
waited for the end of the 30s trial until the next whistle signaled them to begin another
trial (see Figure 1). Three stopwatches were used in this test. The first stopwatch was
used to track the three minutes of the total testing time and 30-second whistle times when
each new trial began. The second stopwatch was employed to measure each sprint
skating time. The third stopwatch was used to evaluate the players’ anaerobic power by
measuring time for the length from the start line to the opposite goal line (the first 180
foot or 54.86 meter). After the test, participants continued to skate at a slow speed as an
active warm-down so as to prevent blood pooling, light-headedness and fainting. When
the participants’ HR had stabilized and was lower than 120 bpm the participants were
allowed to stop skating and step off the ice.
Bike test Protocol
The continuous cycle ergometer testing protocol followed the protocol used by
many ice hockey teams when measuring the VCtemax of their hockey players (Daub, et.al.,
1983; Montgomery, 1988). Each participant had the cycle ergometer seat adjusted to the
appropriate height for their body size. Then, participants sat quietly on the cycle
ergometer while their baseline values of HR, pulmonary ventilation (VE), breath
frequency (f), RER, resting metabolic rate (RMR), and V O 2 are collected. RMR is
defined as “the body’s metabolic rate eariy in the morning following an overnight fast
and eight hours of sleep” (Wilmore and Costill, 1999, p.699). The bike testing protocol
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is a continuous incremental power output cycle ergometer test. Participants were told to
pedal at 60 to 70 revolutions per minute (rpm). The initial resistance was set at one
kilogram (kg) or 60 to 70 watts (W) with progressive increments of 0.5 kg or 30 to 35 W
eveiy two minutes during the first 3 stages (6 minutes). The first six minutes were
considered to be a warm-up stage because the resistance of the first 3-stages was low.
Then the 0.5 kg resistance progressively increased every minute. When the HR and RER
of each participant were greater than 175 bpm or 1.15 respectively the participant would
be encouraged to pedal at 80 rpm or more. When the participants were unable to
maintain pedaling at 60 rpm for more than 15 seconds, the resistance dropped to 1 kg and
the participants maintained pedaling at 60 rpm with 1 kg resistance for three minutes.
Then, participants pedaled another 90 to 120 seconds at high revolution against the
second highest resistance stage they had reached. Participants pedaled at 80 rpm during
the first 60 seconds. Then, participants were encouraged to pedal as fast as they could for
approximately 30 to 60 seconds. When participants could not maintain pedaling at 60
rpm, the test was terminated. The data of PIP R i'k , and VO2 were collected and
analyzed at 20-second intervals. The highest V02 peak was considered to be the VChmax
0 '' ach individual. After the test, the power output returned to 60 W for the warm-down.

Participants remained pedaling on the bike until their HR had stabilized and dropped
below 120 bpm.
Statistical Analysis
All physiological statistics of the two measurements were calculated using paired
/-tests. The Alpha level of p < 0.05 was chosen as the level of significance (2-tailed).
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Pearson Product Moment Coefficient of Correlations was used to assess the relationships
between the two measurements.
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CHAPTER III
RESULTS
The results for the cycle ergometer VCtemax test and the RRS tests are presented in
Table 2. The Pearson correlation coefficients between the relative V0 2 max test and on-ice
performance variables are reported in Table 3. There was a low correlation between the
relative-VChmax and RSS drop-off index (r = -0.253), and a moderate correlated between
relative-V0 2 max and RSS total time (r = -0.480). Table 4 displays the players’ functional
characteristics by their position, age, and body mass. Table 5 and Figure 2 show the
results of the mean skating times of each trial of the RRS by position. Table 5 and Figure
3 show the results of the mean skating times of each trial of the RRS by body mass.
Table 5 and Figure 4 show the results of the mean skating times of each trial of the RRS
by Age. No significant differences were found between forwards’ and defenders’
relative-V0 2 max (37.07 + 5.32 ml/kg/min vs. 35.30 ± 4.95 ml/kg/min), RSS drop-off
(19.93 ± 5.76% vs. 16.31 ± 3.88%), and total time (97.57 + 3.48s vs. 96.78 ± 6.70s) (see
Table 6 ).
The results showed age group over-20 and age group under-20 were not
statistically significant in their relative-V0 2 max(38.45 + 5.13 ml/kg/min vs. 33.75 + 3.85
ml/kg/min), RSS drop-off (18.35 ± 6 .8 6 % vs, 19.02 ± 2.71%), and total time (95.30 ±
5.00s vs. 99.94 + 2.42s) (see Table 7). When comparing the players’ body mass, no
significant differences were found between players’ body mass over-70kg and under25

70kg in their RSS drop-off (18.13 ± 5.07% vs. 19.01 ± 5.81%) and total time (98.11 ±
5.28s vs. 96.67 + 4.33s). The only statistically significant difference (p < 0.05) was
between player’s body mass over-70kg and under-70kg in their relative-VCtemax (33.28 +
6.11 ml/kg/min vs. 38.80 + 2.49 ml/kg/min) (see Table 8 ).
Table 2. Descriptive Analysis of Measured On-Ice and Off-Ice Dependent Variables (N =
14).

Variables

Mean Standard Deviation

Maximum

Minimum

A-V 02max
(L/min)

2.47

0.26

3.16

2.18

R-V02max
(ml/kg/min)

36.44

5.07

45.20

29.00

RSS Drop Off (%)

18.64

5.32

27.32

10.10

RSS Total Times
(seconds)

97.29

4.63

102.91

88.42
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Table 3. Calculation of Pearson r Correlation Coefficient Between On-Ice and Off-Ice
Dependent Variables (N = 14)

Variables

R-VChmax

RSS Drop Off
(%)

Pearson Correlation
Sig. (2-tailed)

-.253
.383

RSS Total Times
(seconds)

Pearson Correlation
Sig. (2-tailed)

-.480
.082

RSS Test-1
(seconds)

Pearson Correlation
Sig. (2-tailed)

-.324
.259

RSS Test-2
(seconds)

Pearson Correlation
Sig. (2-tailed)

-.448
.108

RSS Test-3
(seconds)

Pearson Correlation
Sig. (2-tailed)

-.366
.198

RSS Test-4
(seconds)

Pearson Correlation
Sig. (2-tailed)

-.480
.082

RSS Test-5
(seconds)

Pearson Correlation
Sig. (2-tailed)

-.507
.065

RSS Test-6
(seconds)

Pearson Correlation
Sig. (2-tailed)

-.476
.085

Time difference
between the fastest
and the slowest

Pearson Correlation
Sig. (2-tailed)

-.326
.255

* Correlation is significant at 0.05 level
** Correlation is significant at 0.01 level
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(ml/kg/min)

Table 4. Descriptive Analysis o f Measured On-Ice and Off-Ice Dependent Variables by
Participants’ Positions, Age and Body Mass (N = 14).

Variables

A-V02max
(L/min)

R-V 02m ax
(ml/kg/min)

RSS Drop Off
(%)

RSS Total Times
(seconds)

Forwards (n =9)

2.45 ±0.31

37.07 ±5.32

19.93 ±5.76

97.57 ±3.48

Defenders (n = 5)

2.51 ±0.16

35.30 ±4.95

16.31 ±3.88

96.78 ± 6.70

Body Mass (n = 6 )
(Over-70kg)

2.57 ±0.34

33.28 ±6.11

18.13 ±5.07

98.11 ±5.28

Body Mass (n = 8 )
(Under-70 kg)

2.40 ±0.17

38.80 ±2.49

19.01 ±5.81

96.67 ±4.33

Age over-20
( n - 8)

2.49 ±0.30

38.45 ±5.13

18.35 ± 6 . 8 6

95.30 ±5.00

Age under-20
(n = 6 )

2.45 ± 0.22

33.75 ±3.85

19.02 ±2.71

99.94 ± 2.42
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Table 5. Mean Skating Times by Participants’ Positions, Body Mass, and Age (N = 14).

V a ria b le s

RRS-1

RRS-2

RRS-3

RRS-4

RRS-5

RRS-6

Forwards (n =9)
SD

14.47s
(0.59s)

15.36s
(0.49s)

16.46s
(0.65s)

16.96s
(0.78s)

17.19s
(0.78s)

17.13s
(0.78s)

Defenders (n = 5)
SD

14.69s
(0.89s)

15.42s
(0.95s)

16.11s
(0.89s)

16.64s
(1.30s)

16.87s
(1.39s)

17.03s
(1.41s)

Over-70kg (n = 6 )
SD

14.73s
(0.72s)

15.54s
(0.76s)

16.48s
(0 .8 8 s)

17.10s
( 1 . 1 1 s)

17.18s
(1.16s)

17.08s
( 1 . 1 1 s)

Under-70 kg (n = 8 )
SD

14.42s
(0.67s)

15.26s
(0.58s)

16.23s
(0.64s)

16.65s
(0 .8 6 s;

17.00s
(0.93s)

17.11s
(0.98s)

Age over-20 (n = 8 )
SD

14.23s
(0.63s)

15.11s
(0.65s)

16.12s
(0.83s)

16.52s
(1.14s)

16.64s
(1.13s)

16.69s
(1.07s)

Age under-20 (n = 6 )
SD

14.98s
(0.52s)

15.75s
(0.48s)

16.63s
(0.49s)

17.28s
(0.43s)

17.65s 17.64s
(0.30s) (0.60s)
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Positions VS. Each Trial of RRS

E Forwards (n =9)
a Defenders (n = 5)

RRS-1

RRS-2

RRS-3

RRS-4

RRS-5

RRS-6

Each Trial

Figure 2. Each Trial of Reed Repeat Skating Time vs. Position
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Body Mass VS. Each Trial of RRS

17.5

16.5
16
^/T
T3

§ 15.5
o
a>

E10wer-70kg(n = 6)

(A

Z

H Under-70 kg (n = 8)
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E

i—
14.5

13.5

RRS-1

RRS-2

RRS-3

RRS-4

RRS-5

RRS-6

Each Trial

Figure 3. Each Trial of Reed Repeat Skating Time vs. Body Mass
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AgeVSi Each Trial of RRS

1 ^ge over-20 (n = 8)
® /^under-20(n = 6)

RRS-1

RRS-2

RRS-3

RRS4

RRS-5

RRS6

Each Trial

Figure 4. Each Trial of Reed Repeat Skating Time vs. Age
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Table 6 . Analysis of Relative VCtemax and Reed Repeat Skate Test by Participants’
Position.

/-test for Equality of Means
/

df

Sig.
(2 -tailed)

Mean
Difference

Sig.level

R-V02max

.609

12

.554

1.76667

NS

RRS Drop-off (%)

1.248 1 2

.236

3.62511

NS

RRS Total Time (s)

.297

12

.772

.79422

NS

* /(12) =2.333, (P < .05)
Table 7. Analysis of Relative V0 2 max and Reed Repeat Skate Test by Participants’ Age
/-test for Equality of Means
/

df

Sig.
(2 -tailed)

Mean
Difference

Sig.level

R'YOifssM

=1.875 1 2

.085

=4.70000

NS

RRS Drop-off (%)

.224

12

.827

.66833

NS

RRS Total Time (s)

2.079 1 2

.060

4.63708

NS

M l 2) =2.333, (P < .05)

33

Table 8 . Analysis of Relative VCtemax and Reed Repeat Skate Test by Participants’ Body
Mass

/-test for Equality of Means
t

df

Sig.
(2 -tailed)

Mean
Difference

Sig.level

.038*

5.51667

NS

R - V 02max

2.333 1 2

RRS Drop-off (%)

.298

12

.771

.88625

NS

RRS Total Time (s)

.564

12

.583

-1.44917

NS

* /(12) =2.333, (P < .05)
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CHAPTER IV
DISCUSSION
Because on-ice aerobic fitness is the major physical characteristic to separate elite
and non-elite women’s ice hockey players (Bracko, 2001), the study attempted to find a
correlation between on-ice aerobic fitness test (Reed Repeat Skating Test) and ofi-ice
aerobic fitness test (Cycle ergometer V0 2 max test). Twenty-one women’s collegiate ice
hockey players volunteered to participate this study but only fourteen participants’ data
could be analyzed. The players’ age, position and body mass were used as independent
variables to determine players’ on-ice aerobic fitness test and off-ice VChmax test.
The results suggest that the cycle ergometer VCtemax test is not a good predictor of
women collegiate ice hockey players’ results of on-ice fitness tests (RSS drop-off index
and total times). The low correlation between the two tests (Drop-off index and total
time r = -0.253 and -0.48) might be explained by several factors. Although skating and
cycling are use similar muscle groups, the movement patterns between those two
exercises are different. Therefore, the cycle ergometer VChmax test might not exactly
reflect ice hockey players’ specific on-ice aerobic fitness (Smith, et al., 1982). The RRS
test is a short duration (14 to 18s per each test) and a high intensity (all-out effort)
exercise, with very little recovery time between each test (12 to 16s). The total on-ice
skating time is only approximately 90 to 120 seconds. Consequently, the test would
probably put more emphasis on the anaerobic capacity (anaerobic lactate) energy system
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rather than the oxidative energy system even though each recovery between trials, even
though short, depends on the oxidative energy system. Even if the study did not find a
high correlation between the two tests, the gradually increase of correlation between RVChmaxand each repeat skating test (r from -0.324 to -0.507) indicates that each
successive skating test was becoming less dependent on the anaerobic lactate energy
system and was more becoming dependent on oxidative energy system. Accordingly, if
the on-ice test was multi-RRS test (RRS test completed 2 or times with 10 minutes active
rest between RRS test, the correlation might be significant.
The results of this study suggest that players’ age is not a strong predictor of
women’s hockey players’ aerobic fitness level. This result conflicts with Bracko’s study,
which found elite players were older. It is possible that participants in this study were
more homogeneous than the participants in the previous study because the participants of
Bracko’s study had a wider range of ages (25 ± 5 years vs. 19.71 ± 1.43 years). In
addition, due attrition, many players will drop out or be cut off from competitive ice
hockey games before they have reached age 25. Accordingly, when women, who are
over age 25, are still playing competitive ice hockey games it means they are talented
players. Besides, based on 40-km races, cyclists generally achieve their best performance
between the ages of 25 and 35 in both men and women (Wilmore & Costill, p. 548). The
same results also show in running, swimming, and weight lifting events, which could
imply that our physical primes are generally during our mid-20s to early 30s (Wilmore &
Costill, p. 548). Furthermore, the older hockey players probably have better motor skill
development than the younger players due to mature physical stature and total years of
on-ice skating time.
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According to Cox et al. (1995) and Montgomery’s (1988) physiology of men’s ice
hockey review studies, forwards have greater R -V 02m ax than defenders have. However,
this study failed to find the same result in the women’s ice hockey players. The
inconsistency of findings could simply be the gender differences. Another explanation
could be their body mass because defenders are usually heavier than forwards. For that
reason, when body mass was compared, it was found that smaller players had greater R VCtemax

than larger players had. The result might be interpreted that the body masses of

defenders are not much heavier than forwards on the UND women’s ice hockey team.
Future research could investigate the following directions to validate the cycle
ergometer V02max test is an appropriate test to predict women’s hockey players’ on-ice
test: First, the correlation between the cycle ergometer VCtemax test and the 12-minute onice skating should be tested. Second, validation of the cycle ergometer V02max test and
on-ice skating VCtemax test should also be done using a portable V02max testing device.
In addition, the anaerobic capacity tests between laboratory test and on-ice test should be
further investigated by comparing the RRS tests and six times of 15-seconds Wingate
tests with 1 : 1 ratio of exercise and rest.
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Appendix A
Consent Form
Principle Investigator:
Chia-Ying Lien is a current Kinesiology graduate student at Department of Physical
Education Exercise Science, the University of North Dakota.
Purpose of this research:
I understand the purpose of this study is to investigate whether the electronic cycle
ergometer V02max test is an appropriate test to determine on-ice aerobic endurance of
collegiate women’s Ice Hockey players. The on ice aerobic endurance component will
be Reed Repeat Skating Test.
Summary of project procedures and duration:
Each test will take approximately an hour to do it. The following measurements will be
taken in each pretest: height, weight, and resting heart rate. The participant will have
approximately 5 minutes warm up before the actual test. The purpose of warm up is to
increase muscle temperature and blood flow to the active muscle deliver oxygen and
nutrients and to reduce the incidence of injury.
1. Electronic cycle ergometer V 0 2 maxtest: the participants will petal against an
initial power outputs 60 watts (W) with progressive loading of 30 (W) at each
stage until the participants could not maintain the power output.
2. Reed Repeat Skating Test: the participant will repeat skating 6 times 300 foot at
her maximal velocity with between starting at 30 second intervals.
Each participant will remain active (cool down) after the test until her heart rate is lower
than 130 beats per minute. The purpose of cool down is to reduce the blood pooled in the
extremities and prevent delay onset muscle soreness.
Benefits to the participants from this study:
If the result indicates electronic cycle ergometer V02max test is highly positively
correlated with on ice aerobic endurance tests, the participant can use cycle ergometer to
improve or maintain her on ice aerobic endurance. In addition, Women’s Ice Hockey
coaches can use electronic cycle ergometer VChmax to evaluate their hockey players’ on
ice fitness level.
How confidential of participants and data will be maintained:
I understand my testing results and my consent form will be treated confidentially with
my right to privacy assured. For the scientific reasons with my privacy assured, all the
data will be converted to a numeric numbering system. I also understand the data and the
consent form will be kept separately at least 3 years after the completion of this study in
lucked file cabinets in Department of Physical Education Exercise Science. Only the
principle investigator, the advisor and IRB auditor will have access to the data. After 3
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years the completion of the study, the data and the consent form will be disposed by
shredding.
Medical insurance:
I understand that I must use my own health insurance policy when the physical injury
resulting from the tests because no medical treatment or monetary compensation will be
provided by Chia-Ying Lien, the Department of Physical Education Exercise Science or
University of North Dakota.
However, the incidence of injury is not likely to happen because each participant is very
familiar with skating and cycling. Besides, all the facilities and equipments will be
checked before the each test.
Whom to contact if you have any questions regarding to this study:
It is encouraged to contact with the Principal Investigator or his supervisor if you have
any questions or concerns regarding to this study. Any questions will be answer by
calling (Eric) Chia-Ying Lien at (701) 740-7949 or by e-mail: elien282001@vahoo.com
or Ronald Brinkert at Office Phone (701) 777-4324 (Office Extension: 2994) or by email: ronald brinkert@und.nodak.edu or the Office of Research and Program
Development at (701) 777-4279.
Freedom of Consent:
I understand that my participation is voluntary so I am free to discontinue during the test
or withdraw from this study at any time. I also understand that if I decide to withdraw or
not to participate from this study, it will not have any penalties, loss of my benefits or
affect the future relationship with my coaches, teammates, team or University of North
Dakota in any way.
I hereby consent to allow Chia-Ying Lien, UND Women’s Ice Hockey Team and
University of North Dakota to access the data collecting from electronic cycle ergometer
V02max test and Reed Repeat Skating Test for this study.
I ,___________________________ have read all of the about and understand the
purpose and the potential benefits and risks of this study. I consent to participate in this
study.

Signature of the participant

Date
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Apperdix B
Calculations of RSS Drop Off

Drop Off: [(sixth-repeat - first-repeat)/ first-repeat] x 100%
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Appendix C
UND Women Ice Hockey Player’s Profile

Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Positions
1
1
1
1
1
1
1
1
1
2
2
2
2
2

Age
21
18
20
20
22
20
22
18
18
18
19
19
20
21

Weight (kg)
69
84
75
57
70
59
64
62
60
81
68
85
56
72
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Height (cm)
163.8
167.6
160.0
157.5
170.2
152.4
157.5
157.5
160.0
170.2
163.9
177.8
167.6
172.8

BMI
25.72
29.90
29.30
22.98
24.16
25.40
25.80
25.00
23.44
27.96
25.31
26.89
19.94
24.11

Appendix D
Reed Repeat Skating Test Data

Rep 1
Code Positions
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
1
10
2
11
2
12
2
2
13
14
2

(s)

14.91
15.25
14.46
13.28
14.85
13.91
14.79
14.37
14.44
15.53
15.50
14.81
14.16
13.47

Rep 2 (s) Rep 3 (s) Rep 4 (s) Rep 5 (s) Rep 6 (s)
16.00
18.15
18.25
17.81
17.06
17.60
17.07
15.72
17.18
17.30
18.15
17.38
18.41
18.31
15.75
16.62
14.41
16.47
15.60
15.97
16.00
16.32
16.54
16.81
15.43
17.09
17.03
16.37
14.87
15.81
16.34
16.15
15.47
16.10
16.31
17.75
17.47
17.10
15.43
16.59
16.91
17.19
15.91
16.53
15.16
18.25
17.44
17.81
16.53
16.50
18.38
18.06
17.78
16.00
17.19
17.50
17.78
16.41
17.53
15.66
15.53
15.34
15.47
14.72
15.59
15.53
15.25
15.10
14.19
14.88

Diff
Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Positions
1
1
1
1
1
1
1
1
1
2
2
2
2
2

(s)

3.34
2.35
3.95
3.34
1.96
3.18
1.55
3.38
2.75
2.72
2.88
2.97
1.43
2.06

DO Index (%)
22.40
15.41
27.32
25.15
13.20
22.86
10.48
23.52
19.04
17.51
18.58
20.05
10 .10
15.29
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Anaerobic Endurance
Total Time (s)
102.18
100.12
102.46
92.35
95.95
95.08
95.16
98.71
96.14
102.06
102.91
99.69
90.81
88.42

Appendix E
Test Data

V 02m ax

Code Positions
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
1
10
2
11
2
12
2
13
2
14
2

Time
(min)
10.50
10.75
10.33
11.00
10.50
11.67
11.00
10.00
10.50
11.00
10.50
11.00
10.50
12.00

MAXHR
(b/min)
162
198
188
181
185
185
198
186
180
194
na
183
175
184

MINHR
(b/m)
108
138
145
119
na
128
138
135
125
128
na
126
115
125
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V02max
Diff-HR V02max
(L/min) (mi/kg/min)
(b/m)
37.0
54
2.608
29.8
60
2.503
29.0
2.175
43
41.7
2.377
62
45.2
3.164
na
41.1
2.425
57
38.0
2.432
60
35.2
2.182
51
36.6
2.196
55
29.9
2.422
66
39.2
2.666
na
31.8
2.703
57
41.6
2.330
60
34.0
2.448
59
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